It was reported earlier (12) that growth of Avena coleoptile sections was inhibited by pretreatment of tissue with photochemically derived oxidants, including peroxyacetyl nitrate (PAN), a naturally occurring air pollutant. Other workers (3, 6, 15) showed that cell expansion is dependent on plasticization of the cell wall. Various studies (1, 8, 9, 10, 11) indicate that metabolism of cell wall constituents is affected by conditions which affect growth. It has been especially noted that even in the absence of growth substances, certain growth inhibitors such as galactose (10) affect the basal metabolism of cellulose. Although the cell wall reaction directly governed by IAA has escaped detection, pectin metabolism appears to be particularly affected by IAA (1, 11, 14) .
4.8 during 6-hour control pretreatments.
Growth was determined in the presence of 2.9 X 10-5 M IAA as described earlier (12) . Both IAA and glucose-C14 treatments, following pretreatments, were carried out in 0.0025 M KH,PO4 at pH 4.8 at 25 C. Except as noted, 0.025 M KCl was present during the post-fumigation treatment.
Uniformly labeled glucose-C14 with a specific activity of 217 X 106 cpm per mg was used in the respiration and incorporation studies. Sections, 100, were incubated in 5 ml of radioactive solution (3 X 106 cpm) contained in a large Warburg flask with 1 ml of 1 N NaOH in the side arm. The flasks were shaken at 100 strokes per minute. IAA was omitted from the C14-containing vessels in order to minimize effects due primarily to cell expansion. Oxygen uptake was determined during the 4-hour post-fumigation treatment period. The sections were then removed and rinsed with water as described earlier (9) . After wrapping the sections in aluminum foil, the packets were frozen in liquid nitrogen and were stored in screw cap bottles placed in a Dewar flask containing dry ice. The cell walls were isolated as described by Bean and Ordin (2) except that grinding in an ethylene glycol-glycerol mixture (4:1) at -20 C was carried out in a modified Kontes Duall glass tissue grinder having the same dimensions as those of a 12 ml heavy duty conical centrifuge tube. The supernatant obtained was centrifuged at 12,000 X g at -20 C for 2 hours. The pellet was resuspended and recentrifuged and the combined high speed supernatant is called "cytoplasm" in this report. This supernatant contained soluble substances and subplastid particles. The cell wall pellet obtained was extracted in sequence with absolute alcohol at 85 C for 10 minutes, with benzene-alcohol (2: 1) at 70 C for 10 minutes and finally with ether. All extractions were carried out in the original grinding tube, then centrifuged. Further fractionation was similar to that reported earlier (2) . temiiperature on a wrist-action shaker followed by rinsing with 0.5 ml 1 N NaOH; E, Once with 1.5 ml 4.6 N NaOH at room temperature overnight on wristaction shaker followed by water rinse, alcohol rinse, and ether rinse; F, Twice for 20 minutes each with 1 ml and 0.5 ml, respectively, of fresh hot acetolyzing reagent (1 volume 
Results
Data in figure 1 show that growth of sectionis pretreated with 2.4 ppm PAN at pH 4 was inihibited 84% during the 4-hour period following fumligation. This inhibition decreased in the following period as was observed earlier (12) . Data in table I slhow that PAN-treated sections incubated wvith carrierfree glucose-C14 (ca. 10-5 -i) and 0.025 M KCI dturing this period absorbed less glucose-C14 than dlid control sections. This is indicated both by the amount of C'4 in the respired CO., and in the cytoplasm. Since there was a relationship between effect of PAN on C14Oo produced and on C'4 in cytoplasmn and since overall respiration was unaffected, the C140, respired could be a measure of glucose absorbed. The effect on C'4 in the various cell wall fractions, except the dilute acid soluble fraction and the cellulose, were roughly the sanme as onl absorption. Glucose incorporation into cellulose was imost sensitive to PAN treatment. Additional experiments were carried out at the same pH. Since it has recently been showsn (1) that cold water an(l hot water soluble pectins respond to IAA more than (1o other cell wall constituents, the various fractions were hydlrolyzed to see if some particular sugar was more sensitive to PAN than the total fraction. Although each sugar component in each cell wall fraction was inhibited by PAN treatment, a (listribution diagram for each treatment would in(licate whether somle particular sugar is inhibited mlore cr less than the other sugars in the given fraction. Such a distribution of radioactivity among the sugars examined is slhoNwn in figure 2 . It must be empha- 
Discussion
The PAN-induced inhibition of growth and of incorporation of glucose-C14 into certain cell wall constituents is consistent with previously observed inhibitions of growth and of incorporation due to water stress or other inhibitory conditions (8, 9, 10) .
The inhibition of C14 incorporation into cellulose and into acid soluble polysaccharides is especially noteable both in this communication and in the work cited above. In addition, the inhibition of C14-incorporation into galacturonic acid of the aqueous soluble fractions of the wall is interesting because of the correlation between the presence of indoleacetic acid and synthesis of cold water soluble pectin (1) .
The relatively minor effect of PAN on respiration points to an effect on enzymes specifically involved in growth and polysaccharide metabolism. Several possible sensitive enzyme centers subject to attack by PAN can be suggested. It is likely, but not proven, that sulfhydryl groups are readily attacked by PAN. This is indicated indirectly by the observation that reduced glutathione can protect indoleacetic acid in vitro from PAN (13) . Although tryptophan is not affected by PAN (13) , unpublished data from this laboratory indicate that histidine, often implicated as an active center in enzymes, is altered by exposure to PAN in vitro. Thus, a variety of essential components of enzymes may be affected by PAN. Because the pathways of polysaccharide biosynthesis in higher plants are not completely known we can only speculate as to possible loci of attack by PAN. It is apparent that inhibition of formation of monomer donors or of polymerization of the monomers is involved in the interference with polysaccharide metabolism. Furthermore, the observation that the polymers of certain sugars are more sensitive to the inhibitor than are others suggests that more than one enzyme is affected and that these are differentially sensitive to PAN. The slight inhibition of C14 incorporation into the 1 N NaOH soluble fraction by acetate pretreatment may be due to action on a smaller number of enzymes than in the case of PAN induced inhibition.
Several enzymes involved in the activation of glucose to a stage preceding polymerization have been isolated from higher plants (5 The observation that inhibition of glucose uptake tends to disappear at high glucose concentrations suggests that the inhibition of uptake may involve a competitive type mechanism. The material actually interfering with subsequent glucose uptake is probably bound reversibly to the transport site. This inhibition of uptake appears to be unrelated to both growth and polysaccharide metabolism in the excised coleoptile. Oxidation of sugar is not involved since exposure of glucose-C14 to an ultraviolet irradiated mixture of trans-2-butene and NO2, which contained both 03 and PAN, did not result in any detectable change in the glucose.
Although growth response in the first post-fumigation period of figure 1 was similar to that found previously under conditions of severe inhibition, (12) , the recovery was apparently greater in the later period in the present work. The chief difference in technique was the use of sucrose in this investigation after the initial observation of growth instead of using KCl throughout. From consideration of some unpublished observations of severe non-lethal inhibition where either sucrose or KCl was used throughout the experiment without a difference in inhibition or recovery, it appears unlikely, however, that exogenous sugar contributed to recovery from growth inhibition. Possibly a difference in the tissues between these two investigations with respect to production of endogenous reducing substances is the basis for the apparent difference in recovery after severe inhibition. The role of exogenous and endogenous factors in accelerating recovery or depressing inhibition after fumigation is presently under investigation.
Although PAN destroys IAA in vitro (13) , the direct effect of PAN on cell wall metabolism in the absence of IAA strongly supports the concept that in vivo destruction of IAA is not a factor in inhibition of growth. Furthermore, unpublished data from this laboratory indicate that growth inhibition still occurs when 2,4-D, which is not affected by PAN in vitro, is used instead of IAA.
Unpublished data from this laboratory and older data (11) show that although the aqueous and acid soluble polysaccharides may be subject to turnover, the incorporation of glucose-C14 represents an irreversible reaction with respect to cellulose and the alkalisoluble polysaccharides. Therefore the radioactive data can be construed to measure biosynthesis for the more insoluble fractions of the cell wall.
The apparent synthetic reactions, particularly of cellulose, are not IAA governed but conceivably could assist the cell expansion process by providing material to fill in areas where bond cleavage must occur. In the absence of such synthesis, the IAAgoverned aspect of growth may be blocked through a feedback mechanism. As in the case of inhibition of growth and of cellulose metabolism by water stress (9) or galactose (10), there is no stoichiometry between growth inhibition and total cellulose metabolism. This again indicates that only a portion of the cellulose metabolism can be involved in the growth mechanism. Whether this involved portion differs in location or molecular size from the rest of the cellulose can only be determined by further investigation. Summary Jn(loleacetic acid induced growth of Avena coleoptile sections wlhich had been pretreated with 2.4 ppm peroxyacetyl nitrate (PAN) for 6 hours at pH 4 was inhibited 84 % during the 4-hour period following fumigation. Production of C14,O in indoleacetic acid-free, carrier-free glucose solution (ca. 10-5 M) was inhibited about 75 CO by the pretreatment while total oxygen uptake was unaffected. Incorporation of C14 into cellulose and into the acid soluble wall fraction wras inhibited 90 %. Incorporation into other wall fractions was inhibited to a lesser degree.
At pH 6, 2 ppm PAN pretreatment inhibited growth 20 % but inhibited C'402 production 46 % and C'4 incorporation into the acid soluble fraction 65 % and into cellulose 78 %.
At a glucose-C14 concentratioin of 0.005 M, the inhibition of C1402 prcoduction was only 16 % following pretreatment by 2.7 ppm PAN at pH 4.8 to 5.5. Under these conditions growth was inhibited 54 %. Incorporation of C14 into the acid soluble fraction was inhibited 55 % an(d incorporation into cellulose was inihibited 77 %.
Undler conditions of severe growth inhibition, a marked decline relative to other sugars was found of incorporation of C14 into the galacturonic acid of the aqueous soluble wall fractioiis. A relative decline was also observed in radioactive xYlose of the hot water soluble fraction and of the dilute alkali soluble polysaccharide.
Possibly the inhibition of growth by PAN is associated with the inhibition of metabolisnm of cellulose. Inhibited metabolism of aqueous-soluble pectin and of acid soluble non-cellulosic polysaccharides may also account for restraint of growth.
